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Description 

Background of the Invention 

(1) Field of the Invention 

The present invention relates to an engine oil composition for automobiles. More particularly, the invention relates 
to the long life and fuel-saving engine oil composition which can suppress the friction loss in the engine to a low level 
for a long time. 

(2) Related Art Statement 

With the progress of the engines, the automobile engine oil compositions (hereinafter referred to briefly as "engine 
oil compositions") have been required to possess various performances such as wear resistance, oxidation stability, and 
detergent dispersibility. Recently, in order to suppress the earth from getting warmer due to increase in the content of 
CO z in the atmosphere, how to improve the mileage of the automobiles is an important problem. Accordingly, the fuel 
saving has been also strongly required with respect to the engine oils. 

Ordinarily, the engine oii composition is composed of a mixture of a base oil purified from petroleum, added with 
additives ouch as a detergent, an antioxidant, an anti-wear agent, and a viscosity index improver. In order to increase 
the fuel efficiency (mileage) of the engine oil. for example, the viscosity of the engine oil is lowered by decreasing the 
viscosity of the base oil or changing the viscosity index improver. However, friction cannot be reduced tn the case of the 
above ordinary engine oil composition in such an area as a boundary lubricating condition where the viscosity does not 
contributes to mitigation of the friction. Consequently, a friction modifier (FM) has recently come to be added so as to 
reduce the wearing in the boundary lubricating area. With respect to the friction modifiers, it is known that organic 
molybdenum compound such as molybdenum dithiocarbamate (MoDTC) and oxymolybdenum organo phosphodithioate 
sulfide (MoDTP) are highly effective as described in JP-B 3-23595. 

However as the time passes, each of the above organic molybdenum compounds used in the engine oil composition 
is consumed' Therefore, though the fresh engine oil composition gives a low fuel consumption rate, such a low fuel 
consumption rate of the engine oil composition is deteriorated with the lapse of time. In order to lessen the above draw- 
back it may be considered that the addition amount of the organic molybdenum compound in a fresh oil is increased. 
However if the addition amount of the organic molybdenum compound is merely increased, the cost of the product 
becomes higher, which is economically unfavorable. Further, among the organic molybdenum compounds. MoDTP con- 
tains phosphorus, so that a phosphorus compound may deposit on the surface of an exhaust gas catalyst to deteriorate 
the catalytic activity. Therefore, the addition amount of the MoDTP cannot be increased beyond a given level. 

On the other hand, since MoDTC contains no phosphorus, increase in its addition amount does not cause decrease 
in the catalytic activity. However, since MoDTC has a small friction-mitigating effect, it may be considered that MoDTC 
is used in combination with zinc dithiophosphate (ZnDTP) as an anti-wear agent so as to supplement the wear-m.tigat.ng 
effect of the former. ZnDTP has been frequently used, as antioxidant and anti-wear agent, in the engine oil compositions 
However since ZnDTP contains phosphorus and gives adverse influence upon the exhaust gas catalyst as mentioned 
above its addition amount is limited so that good friction-mitigating effect cannot unfavorably be maintained for a long 
time Further it is proposed that MoDTC be used in combination with a sulfur-based extreme pressure additive (See 
JP-B 5-83599). This combination does not afford adverse effect upon the exhaust gas catalyst, but it encounters a 
practically great problem upon the engine oii composition in that wear largely occurs in the valve tram system. 

Summary of the Invention 

Under the circumstances, it is an object of the present invention to enable the engine oil composition to maintain 
the friction loss at a low level even when the engine oil composition is used for a long time. 

Furthermore it is another object of the present invention to enable the engine oil composition to maintain the friction 
loss at a low level for a long time, while the addition amount of the friction modifier is kept at the same level as formerly 

employed^ ^ ^ present invention t0 enab!e the engine oil composition to maintain the friction toss at 

a low level for a long time without affording adverse influence upon the catalytic activity for exhaust gases. 

Having made strenuous investigation to accomplish the above-mentioned objects, the present inventors discovered 
that the combination of MoDTC and ZnDTP with a polysulfide compound can remarkably prolong the performance o 
the low fuel consumption rate, that is. can maintain the friction-mitigating effect of the engine oil for a long time without 
affording adverse influence upon the exhaust gas catalyst. Based on this discovery, the inventors have accomplished 
the present invention. 



EP 0 699 739 A2 



nm ,™ : , P T ' nVe , mi0n felateS t0 the engine 0il ^'"P 05 * 0 " comprising (1) at least one oil selected from the 
o 50 1™ nn m H 3 m ' n6 L! °t ^ 3 SymhetiC IUbri(:a^, 35 9 b3Se - l: (2 > 3 ^'ybdenum dithicarbamate in an aToum 
s*on <^l Z^r g l T, CU ' a,ed 35 mol ^ enum ( Mo >- rela « v * '° '"e total weight ot the engine oil compt 

am^nfi. T dl,hl0ph ° s P ha,e an a ™""« °< 0 01 to 0.2 wt% when calculated as phosphorus (P). relative to the total 

whe Itn °, C T Si,i0n; 3nd <4) 3n aSh ' eSS ° r9anic polysu,,ide com P° und * «" of 0.01 to 0 4 

r^L^Sf "J * i (S) ' re ' a,iVe ,0 ,he ,0ta ' am ° Unt °' ,he en 9 ine oil """Position. This engine oil composition* 
along l,fe and low fuel consumption engine oil composition which can maintain the friction loss at a low level to'a long 

nf JaZl^ ° ,h ,r^ bie< ^' ' ea,UreS 3nd advanta e es °' tne inven «°n wi» be apparent from the following description 

Detailed description of the invention 

JIJ.'!^ b « in J h ! en9 '!!! 0i, composiHon accordina to 1,16 P^sem invention is a mineral oil and/or a 
TIT , 6 °"- Wh ' Ch 15 USSd ' the en9ine oil composition, as a base component occupying a great part 

hlil TTh COm P° S,t ' 0n ' base oil mav °* «*■ Specifically, as the mineral oil. use may be made of a Scan 
olram^llTuT'Z* !? ,ainin9 3 M ' hr0U9h diSti " in9 pressure d isti,latio y n residue o such as a 

n. 3 „ ^ fedUCed PreSSUre - treati " 9 ,he resulti "9 cul Blrouah extra c«on with a solvent such as furfural 

Z a d ^«T??T" a ™ i , dewaxin9 with a solven « su <* « MEK/toluene. a lubricant base oil produced by S 
mg a deasphalted oil by deasphalting the above pressure-reduced distillation residue and treating it by any of the atove 
S l™*™- • oil obtained through isomerization of siack wax a^ dLJng an a^To 

priate cut of the jsomenzed o.l with a solvent of MEK/toluene, or an appropriate mixture thereof 

adipS a£ a ™» *? T. * m f d ? * a " °'° le "' n °' i9 ° mer ' 3 a dfoasic acid such as an 

ad lp ,c acd and a pnmary alcohol, a polyol ester synthesized from a higher alcohol such as neopentyl alvcol trimethvlol 

may be us* as sf ' Z ' ? ^ appr0priate " fining the mineral oil with (he synthetic oil 

may be used as a base oil for the engine oil composition according to the present invention 

expr^Ke !Z£Z££ ^ * * ^ " " *" ^ ^ iS 3 «"»»"- 




chain «h^»nrZ; l ^l■• R '' hr ° u9h R < ^^P^^'yo-enoteasfraigh^hainorbranched-chainalkylgrouporastraight- 
chain or branched-cham alkenyl group having four to eighteen carbons; and X, through X, independently denote an 

S'JT^L'E x a .T th „ e ^ between ,he number °' the oxy9en atom » ato ™ a " d 

Srn n 9 ** " ein9 1/3 '° ^ ** Rl ,hr0ugh "* * e arou P is P reterr ^- M °re specifteally 

^1^ P- , % ^ 9r ° UP ' ' SOtrideCyl 9r0UP ° r S,earyl 9roup ^ oe reciled - ^ese four R, through R, existing in 

_ ^°,°J C iS the additfon amount o« SO to 2000 ppm by weight, preferably 300 to 1 000 ppm by weight when 

iZ ^ b T^T rel3,iVe ,0 ,he ,0,a ' Wei9W °' en9ine 0il oomposition. If me edition amount is leS 
r^cin^ 
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The zinc dithiophosphate (ZnDTP) to be used as an additive in the present invention is a compound expressed by 
the formula (2): 



5 




(2)- 



10 



In the formula (2), R 5 and R 6 independently denote a straight-chain or branched chain alkyl group or a straight- 
chain or branched chain aryl group having three to eighteen carbon atoms. As R 5 and R 6 , an alkyl group, particularly, 
75 a primary alkyl group is preferred from the standpoint that the friction -mitigating performance must be maintained for a 
long time. More specifically, for example, propyl group, butyl group, pentyl group, hexyl group, octyl group and tauryl 
group may be recited. These two R 5 and R 6 existing in one molecule may be identical with or different from each other. 
Further, two or more kinds of ZnDTPs differing in terms of R 5 and R 6 may be used in a mixed state. 

ZnDTP is added in an amount of 0.01 to 0.2 wt%. preferably 0.04 to 0.2 wt%. more preferably 0.04 to 0.1 wt% when 
20 calculated as phosphorus (P). relative to the total amount of the engine oil composition. If the addition amount is less 
than 0.01 wt%. the wear-preventing performance of the engine oil composition for the valve train system is deteriorated. 
On the other hand, if it is more than 0.2 wt%, influence of the phosphorus component upon the catalytic activity for the 
exhaust gas becomes greater. 

The ashless organic polysulfide compound to be used in the present invention includes organic compounds 
25 expressed by the following formulae, such as sulfides of oils or fats or polyolefins. in which a sulfur atom group having 
two or more sulfur atoms adjoining and bonded together is present in a molecular structure. 
R 7 -Sx-Rb 

R 7 -S-S-R 8 

30 \_' 



OHC-R9-S-S-R10-CHO 

35 R 7 -C(0)0-R9-S-S-Rio-OC<0)-R 8 
R 7 -OC(S)-S-S-C(S)0-R B 

R7-OC ( S ) -S-S-S-C ( S ) 0-R B 



so 




In the above formulae, R 7 and R a independently denote a straight-chain, branched-chain, alicyclic or aromatic hydro- 
carbon group in which a straight chain, a branched chain, an alicyclic unit and an aromatic unit may be selectively 
contained in any combined manner. An unsaturated bond may be contained, but a saturated hydrocarbon group is 
oreferred. Amona them, alkyl arouo. arvl arouo. alkvlarv! orouo. benzvl arouo. and alkvlbsnzvl nrn tJO »r« or^r-H p. 



/ 
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and R 10 independently denote a straight-chain, branched -chain alicyclic or aromatic hydrocarbon group which has two 
bonding sites and in which a straight chain, a branched chain, an alicyclic unit and an aromatic unit may be selectively 
contained in any combined manner. An unsaturated bond may be contained, but a saturated hydrocarbon group is 
preferred. Among them, alkylene group is preferred. R„ and R 12 independently denote a straight-chain or branched- 
chain hydrocarbon group. V and "y" denote independently an integer of two or more. 

Specifically, for example, mention may be made of sulfurized sperm oil, sulfurized pinene oil, sulfurized soybean 
oil. sulfurized polyolefin. dialkyl disulfide, dialkyl polysulfide, dibenzyl disulfide, di-tertiary butyl disulfide, polyolefin 
polysulfide, thiadiazol type compound such as bis-alkyl polysulfanyl thiadiazole, and sulfurized phenol. Among these 
compounds, dialkyl polysulfide. dibenzyl disulfide, and thiadiazol type compound are preferred. Particularly bis-alkyl 
polysulfanyl thiadiazole is preferred. 

As the lubricant additive, a metal -containing compound such as Ca phenate having a polysulfide bond is used. 
However, since this compound has a large coefficient of friction, it is not suitable. To the contrary, the above organic 
polysulfide compound is an ashless compound containing no metal, and exhibits excellent performance in maintaining 
a low coefficient of friction for a long time when used in combination with MoDTC and ZnDTP. 

The above ashless organic polysulfide compound (hereinafter referred to briefly as "polysulfide compound") is added 
in an amount of 0.01 to 0.4 wt%, preferably 0.1-0.3 wt%. more preferably 0.2-0.3 wt%, when calculated as sulfur (S), 
relative to the total amount of the engine oil composition. If the addition amount is less than 0.01 wt%, it is difficult to 
attain the intended effect, whereas if it is more than 0.4 wt%. there is a danger that corrosive wear increase. Needless 
to say. only one kind of the above polysulfide compound may be used, and two kinds of such polysulfide compounds 
may also be used in combination. 

In order to ensure the performance suitable for the intended use, engine oil additives other than the above may be 
appropriately added to the engine oil composition according to the present invention so as to improve the total perform- 
ance. As such engine oil additives, mention may be made of so-called metallic detergents such as sulfonate, phenate 
and salicylate of alkaline earth metals such as Ca. Mg and Ba and alkali metals such as Na. ashless dispersants such 
as alkenyl succinic acid imide, succinic acid esters and benzylamine, phenolic anti-oxidant such as bisphenol, amine- 
based anti-oxidant such as diphenylamine. and viscosity index improvers such as olefin copolymer or poly metacry late. 
Further, other engine oil additives such as a pour point depressant, anti -corrosion agent and antifoaming agent may be 
appropriately added. 

30 (Experiments) * 

The present invention will be explained in more detail with reference to Examples and Comparative Examples, 
A lubricant in each of Examples and Comparative Examples was prepared by using Mineral Oils 1 or 2 having the 
following properties as a base oil. 



20 
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Table 1 





Mineral oil 1 


Mineral oil 2 


Density (15°C)g/cm3 


0.862 


0.821 


Dynamic viscosity (40°C)mm2/s 


17.7 


19.7 


Dynamic viscosity (100°C)mm2/s 


3.78 


4.51 


Viscosity index 


99 


147 


Flow point (°C) 


-15.0 


-15.0 


Content of saturated component (%) 


76.5 


98.8 



so As additives, the following were used. 
(1) MoDTC: 

Compound having the above-mentioned formula (1) in which R, through R 4 are all 2-ethylhexyl groups. 
(2-1) Sulfur-based additive 1 



55 



Sulfur-based additive 1 means an additive containing the polysulfide compound used in the present invention, and 
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additive is 36 wt%. 



N- 



•N 



R13SX— C v ^C— Sy — Rx« 
S 



(4) 



In the formula and Ru independently denote the same meanings as R 7 a"nd Ra do, respectively. 

(2-2) Sulfur-based additive 2 

Sulfur-based additive 2 means an additives containing a sulfurized oil and fat type polysutf ide compounds, and the 
content of sulfur in the sulfur-based additive 2 is 10.5 wt%. 

(2-3) Sulfur-based additive 3: 

Sulfur-based additive 3 means an additives containing a dibenzyt disulfide, and the content of sulfur in the sulfur- 
based additive 3 is 25.5 wt%. 

(3-1)ZnDTP1 

ZnDTPI is a primary alkyl compound of the above formula (2) in which R 5 and R« are 2-ethylhexyl groups. ^ 
(3-2) ZnDTP2 

ZnDTP2 means secondary alkyl compounds of the above formula (2) in which R 5 and Re are tsopropyl groups or 
isohexyl groups or a mixture of these compounds each having the respective two above alkyl groups. 

(4) Additive package 

Additive package includes metallic detergent, ashless dispersant, phenolic anti -oxidant, amine-based anti-oxidant, 
viscosity index improver, anti -corrosion agent and antifoaming agent. 

The above mentioned base oils and additives were selectively mixed at recipes shown in Table 3, thereby preparing 
long life and low fuel consumption engine oil compositions according to the present invention as Examples 1 through 5. 
In the same manner, base oils and additives were selectively mixed at recipes shown in Table 5. thereby preparing 
engine oil composition as Comparative Examples 1 through 8. In Tables 3 and 5. figures for the ingredients are com- 
pounding rates based on the unit "wt %" except that the foaming agent is based on the unit "wt ppm". 

The Engine oil compositions thus prepared as Examples and Comparative Examples were evaluated with respect 
to the friction performance and wear characteristic in the valve train system according to the following methods. 

(1) Friction performance 

With respect to fresh lubricants and used ones, the coefficient of friction was measured under the following conditions 
by using an SRV tester. As test pieces, a ball made of SUJ-2 (bearing steel material. Japanese Industrial Standards), 
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and having 10 mm in diameter and a disc made of SUJ-2 were used. 



Table 2 



Test conditions 




Break in conditions 


Actual test conditions 


Load (N) 


10 


200 


Amplitude (mm) 


1.5 


1.5 


Frequency (Hz) 


50 


5b 


Temperature (°C) 


40 


80 


Time (min) 


10 


30 



The coefficient of friction is the average coefficient of friction determined in the friction test during the final 20 minutes. 

The used oil compositions are oil compositions obtained when the oil was subjected to running in simulation with 
an actual car driving. The engine was operated under an AMA running mode at an oil temperature of 100°C and a water 
temperature of 100'C. and the engine oil composition was sampled after the lapse of 160 hours (corresponding to 4000 
km) and 400 hours (corresponding to 10000 km). The thus obtained used oil compositions were subjected to the above 
friction test. 

(2) Valve train system wearing test 

Each engine oil composition was subjected to the valve train system wear test according to JASO (Japanese Auto- 
mobile Standards organization) M328-91 . Then, scuffing of a rocker arm was evaluated, and a worn amount of a cam 
nose was measured. 

Evaluation results in Examples 1 through 5 are shown in Table 4, and those in Comparative Examples 1 through 8 
are shown in Table 6. In Tables 4 and 6. scuffing of the rocker arm was evaluated by using a figure between 1 to 10.0, 
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1" and "10.0" being the lowest and the highest, respectively. 

Table 3 





example i 


example d. 


Example 3 


Example 4 


Example 5 


Kilinoral rtil 1 
IVIH lei etl Ull 1 


OA C 


OO. 1 


84.3 




85.0 


iYiiricial uli & 








84.5 




MrtDTri aririrtK/a 
IV'WU 1 o ctuuiuvv 






2.0 


2.0 


2.0 


vyuiiiciii ui iviu in oil Gornposiuon 


U.Uo 


U.Uo 


0.08 » 


0.08 


0.08 


j|fi ir-I^QO£i/H QHrft+twA i 
OUMUJ UabcU auUlUVc 1 


0.O 






0.6 


0.6 


OUIIUi *uaacu auuruve 




2.0 








ouiiur-oaseo aauitive 3 






0.8 






uontent ot buirur in oil composition 


0.22 


0.21 


0.20 


0.22 


0.22 


7-nTB 1 


1.5 


1.5 


1.5 


1.5 




ZnDTP 2 










1 .0 


Content of P in oil composition 


0.095 


0.095 


0.095 


0.095 


0.090 


Metallic detergent 


2.0 


2.0 


2.0 


2.0 


2.0 


Ash-based dispersant 


4.0 


4.0 


4.0 


4.0 


4.0 


Phenolic anti-oxidant 


0.8 


0.8 


0.8 


0.8 


0.8 


Amine-based anti-oxidant 


0.4 


0.4 


0.4 


0.4 


0.4 


Viscosity index improver 


4.0 


4.0 


4.0 


4.0 


4.0 


Corrosion inhibitor 


0.2 


0.2 


0.2 


0.2 


0.2 


Antifoaming agent (ppm) 


5 


5 


5 


5 


5 



Table 4 





Example 1 


Example 2 


Example 3 


Example 4 


Example 5 


Dynamic viscosity (40 Q C)mm2/sec 


53.5 


54.5 


52.5 


514 


54.3 


Dynamic viscosity (100°C)mm2/sec 


9.4 


9.5 


9.3 


9.8 


9.5 


Viscosity index 


160 


159 


161 


180 


160 


Coefficient of friction 


fresh oil composition 


0.045 


0.043 


0.044 


0.042 


0.040 




used oil composition 
(160 hrs) 


0.044 


0.047 


0.046 


0.041 


0.050 




used oil composition 
(400 hrs) 


0.066 


0.063 


0.067 


0.059 


0.072 


Wear of valve-moving system (rocker arm 
scuffing): Merit rating 


9.0 


8.6 


8.7 


8.6 


9.2 


Wear of cam nose \im 


3 


4 


5 


4 


3 
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Examples 1 through 3 in Table 3 are engine oil compositions which all used Mineral Oil 1 and also employed a 
thiadiazole compound, a sulfurized oil and fat type comDound and dibenzyl disulfide as the oolvsuKide comoound. 
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sition containing no ZnOTP and ComnarativP F« m i 0 i ie #h« comparative Example 3 is an engine oil compo- 

1 except mat ,£ base - ~£S£ZS^*£ZZ ^Z^^^' 

po^ecc^un I <S^^SjJ^»L^ J"""* °" COmposi,ion con,ainin 9 ^«her ZnOTP nor 

- . *™ ^omparauve txample 8 is an engine oil composition corrtaininq neither MoDTP nnr 7nnxD 

mmmmmm 
mmmmmm 

Claims 

1 . An engine oil composition comprising: 

S! fmni!^ ne ° U ff0m the gr ° Up consistin 9 ° f a "^neral oil and a synthetic lubricant as a base oil- 

2 - 



R 2 S 



atoms w it n resoeclr X ^Ta'Z^lZT °' *" ° Xy96n ^ °' ^ "« »"» °* *» SU " U ' a, °<" « 
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3. The engine oil composition claimed in claim 2. wherein said R, through R 4 independently denote the alkyl group. 

4. The engine oil composition claimed in claim 2. wherein said Ri through R 4 independently denote butyl group. 2- 
ethylhexyl group, isotridecyl group or stearyl group. 

5 The engine oil composition claimed in any one of claims 1 to 4, wherein said MoDTC is used in the addition amount 
* of 300 to 1000 ppm by weight, when calculated as molybdenum (Mo), relative to the total we.ght of the eng.ne oil 
composition. 

6. The engine oil composition claimed in any one of claims 1 to 5, wherein said zinc dithiophosphate (ZnDTP) is a 
compound expressed by the formula (2): 



(2) 




in which R 5 and R 6 independently denote a straight-chain or branched chain alkyl group or a straight-chain or 
branched chain aryl group having three to eighteen carbon atoms. 

7. The engine oil composition daimed in daim 6. wherein said R 5 and R 6 independently denote an alkyl group. 

8. The engine oil composition claimed in claim 6. wherein said R 5 and R„ independently denote a primary alkyl group. 

9. The engine oil composition claimed in daim 6. wherein said R s and Re independently denote propyl group, butyl 
group, pentyl group, hexyl group, octyl group or lauryl group. 

10. The engine oil composition daimed in daim 6. wherein said ZnDTP is added in an amount of 0.04 to 0.2 wt%. 

1 1 . The engine oil composition daimed in any one of claims 1 to 1 0. wherein said ashless organic ipolys «tec™££ 
is an organic compound seleded from the group consisting of organic compounds expressed by the followmg for- 

mulae. 

R 7 -Sx-R 9 

R 7 -S-S-R 8 
S 



OHC-R9-S-S-R10-CHO 
R 7 -C(0)0-R 9 -S-S-Rio-OC(0)-R8 
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R 7 -OC(S)-S-S-C(S)0-R 8 



R7-0C ( S ) -S-S-S-C { S ) 0-R 8 



10 




Rll 



13 



N 
II 

R 7 -Sx— C 



II 

C — Sy — R 8 



S 



in which R 7 and R a independently denote a straight-chain, branched -chain, alicyclic or aromatic hydrocarbon group 
in which a straight chain, a branched chain, an alicyclic unit and an aromatic unit may be selectively contained in 
any combined manner; R 9 and R 10 independently denote a straight-chain, branched-chain alicyclic or aromatic 
hydrocarbon group which has two bonding sites and in which a straight chain, a branched chain, an alicyclic unit 
and an aromatic unit may be selectively contained in any combined manner; R^ and R 12 independently denote a 
straight-chain or branched-chain hydrocarbon group; and "x" and y denote independently an integer of two or more. 

12. The engine oil composition claimed in claim 11, wherein said ashless organic polysulfide compound is selected 
from the group consisting of sulfurized sperm oil, sulfurized pinene oil, sulfurized soybean oil. sulfurized polyolefin, 
dialkyl disulfide, dialkyl polysulfide, dibenzyl disulfide, di-tertiary butyl disulfide, polyolefin polysulfide. thiadiazol type 
compound, and sulfurized phenol. 

1 3. The engine oil composition claimed in cfaim 1 2, wherein said ashless organic polysulfide compound is the thiadiazol 
type compound. 

14. The engine oil composition claimed in claim 12, wherein said ashless organic polysulfide compound is dialkyl 
polysulfide and bidenzyl disulfide are preferred. 

1 5. The engine oil composition claimed in any one of claims 1 1 to 1 4, wherein said ashless organic polysulfide compound 
is added in an amount of 0.1-0.3 wt% when calculated as sulfur (S). relative to the total amount of the engine oil 



1 6. The engine oil composition claimed in any one of claims 1 to 15, wherein said molybdenum dithicarbamate (MoDTC) 
in an amount of 300 to 1 000 ppm by weight when calculated as molybdenum (Mo), relative to the total weight of the 
engine oil composition; said zinc dithiophosphate in an amount of 0.04 to 0.2 wt% when calculated as phosphorus 
(P), relative to the total amount of the engine oil composition; and said ashless organic polysulfide compound in an 
amount of 0.1 to 0.3 wt% when calculated as sulfur (S). relative to the total amount of the engine oil composition. 



composition. 
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